some cases, the changes which it produces in the organs of the body. For many of us this last study has such a special fascination that we tend, as we grow older, to devote ourselves more exclusively to it. But, if in our earlier work, we looked at diseases from the broader point of view of the clinician and clinical pathologist, we shall be less likely to lose sight of these wider aspects when we specialize.
It is in this broad manner that I ask you to consider the natural history of encephalomyelitis.
This group of diseases is fortunately rare in Britain. We owe this partly to our position as an island and partly to our climate, which is seldom warm enough to make our indigenous mosquitoes very active or to encourage other forms of biting insects such as wood ticks. As a result we are almost free from insect-borne forms of encephalitis. The only exception is the occasional human case of louping-ill. The only virus disease of the nervous system which has caused much trouble is poliomyelitis and even this disease seems to be discouraged by our climate and only in rare summers approaches anything like epidemic proportions. When therefore the occasional case of encephalomyelitis turns up it arouses little interest and we may be satisfied with this general diagnosis and make no attempt to trace the type of disease. * Foundation lecture delivered at the 55th general meeting of the Association of Clinical Pathologists on September 29, 1955. B In looking at the natural history of any disease we must learn from the past. I should like therefore to say something of my own experience with this group of diseases. This goes back to 1917 when I saw my first two cases of encephalitis lethargica, in a convalescent military camp. I was acting then as a physician, and was very puzzled by the peculiar lethargic, sleepy state of the patients, who one minute appeared to be in deep coma and the next minute were answering questions intelligently and again quickly slipped back into deep sleep. Nowadays neurologists would probably attribute this symptom to lesions in the hypothalamus, but at that time we knew next to nothing about that region of the brain. I made a postmortem examination on one of these cases and found nothing except a congested brain. We had no facilities there for cutting sections, but when the epidemic spread to London I soon had as much material as I could handle.
Several points of interest arose in the examination of the cerebrospinal fluid of this disease.
(1) The striking disparity between the high cell count and normal or only slightly raised protein was emphasized first by the French. In the London cases the cell count was almost always purely lymphocytic, but in the short Sheffield epidemic of 1923, which reached its peak after the disease had almost disappeared from London, polymorphonuclear leucocytes were common in the cerebrospinal fluid, in which they might form over 40% of the cells, as well as in the cerebral lesions.
(2) The French also found in the cerebrospinal fluid abnormally high glucose percentages, such as 100 mg. per 100 ml. or more. I never satisfied myself that this was constant or, when present, significant. At that time the methods in general use for estimating glucose in small amounts of body fluids were crude and the values they gave were probably higher than the normal, which had been estimated for the cerebrospinal fluid very accurately by Mestrezat in 1912. (3) In the earlier years of this epidemic gold sol examinations were rarely carried out on the cerebrospinal fluid, but those who used this test found that it commonly gave positive results. In some of the later cases strong reactions of paretic type were found. I believe that this is fairly common in many forms of encephalitis, especially in subacute cases. The gold sol reaction has a special importance in a subacute form which has recently attracted our interest and of which I shall speak later.
The histology of encephalitis lethargica is described in all the textbooks and I shall refer now only to points which are sometimes omitted from these descriptions.
(1) Von Economo (1931) and degenerative shrinkage and disappearance of the nucleus and nuclear membrane. "The contour of the cell assumes an irregular ragged appearance, the cytoplasm becomes structureless, frequentlv with relativelv increased acidophily, before it disappears altogether as a cell shadow, or is destroyed by macrophages."
The early chromatolysis may, however, be reversible, and the return of function in limbs paralysed with poliomyelitis is probably due to a recovery of this kind.
(2) In encephalitis lethargica, in cases dying in the acute stages as well as in cases of post-encephalitic Parkinsonism, disappearance of cells of the substantia nigra is shown by the relatively indestructible melanin granules which are left free in the tissues (Fig. 1) What is less familiar is that some of the remaining cells, both there and in the locus coeruleus, show fibrillary tangles or whorls similar to those found in Alzheimer's disease (Fig. 3) . Hallervorden (1933 , 1935 ), von Braunmiihl (1949 ), and BeheimSchwarzbach (1952 , as well as Dr. Bosanquet and myself (Greenfield and Bosanquet, 1953) , have found this change very constantly in post-encephalitic Parkinsonism. It may occur in quite young subjects. One of Hallervorden's cases was in a girl of 11 years. Divry (1934) showed that this change is associated with the staining reactions and optical properties of amyloid, but there is no generalized amyloidosis ( Fig. 4a and b) . Malamud, Haymaker, and Pinkerton (1950) and Corsellis (1951) (McIntosh, Greenfield, and Selbie, 1952) , and it is only necessary to say that, apart from poliomyelitis, the majority of our cases were of the post-infectious type following vaccination, measles, and coryza. We had, however, eight other cases of encephalitis of varying acuteness and severity. In none of these cases was the cerebellum involved, nor was there the special incidence on the substantia nigra which characterized encephalitis lethargica. The speialpoblem, a, s th hig poyorhnula FIG. 7 and violent form of disseminated encephalomyelitis." This similarity has been lost sight of by many who have experimented only with guineapigs, in which the lesions are less acute. As Crawford has pointed out, these cases are considerably less rare than the number published would suggest, but fortunately they are not common. To the clinical pathologist they present a special problem, as the high polymorphonuclear count both in the blood and in cerebrospinal fluid may well suggest the diagnosis of cerebral abscess. In fact I do not see any escape from this diagnosis in cases with a hemiplegic onset, except perhaps that so acute a clinical course is unusual in cases of abscess.
Subacute Indlusion Body Encephalitis At the end of the war I became specially interested in a form of encephalomyelitis which was first, and very well, described by Dawson in the United States in 1933 under the name of " a subacute form of lethargic encephalitis." He described a second case in the following year. He tried to piass the disease to several different kinds of animals but without success; and many similar In 1945 van Bogaert in Belgium described the same disease under the name " subacute sclerosing leucoencephalitis." As the name shows, he was more impressed by the tendency of the disease to produce demyelination and neuroglial reaction in the white matter than by its effects on the cortex. There is now no doubt that the disease does produce a slow, rather localized demyelination, most often in the occipital lobes (Figs. 8a and b) . This is most obvious in long-standing cases, that is, in those which last for a year or more. In a case published by Foley and Williams (1953) , which I examined, the appearances might well have been confused with those of Schilder's disease. This form of encephalitis has a special interest to the clinician, because of the tendency for sudden jerks or sudden losses of tone in the limbs and trunk during the middle stage of the disease. They tend to occur with a regular rhythm, every five to 10 seconds. Sometimes the interval varies; for example, there may be an alternation of seven-and nine-second intervals or there may be apparently longer gaps. The E.E.G. is specially interesting, as complexes of large waves tend to appear with the greatest regularity, usually synchronous with the movements, and the record may continue in the same pattern for hours or days at a time, so long as the patient is awake. These jerks may go on without change for weeks at quite regular intervals in an unconscious patient.
Another interesting point in this disease is the cerebrospinal fluid, which is usually normal, or almost so, with the exception of the gold-sol reaction, which is almost always of fairly strong paretic type; The protein chemistry of this reaction has not, so far as I know, been studied in this disease, and it would be interesting to know whether the blood showed an excess of a or /3 globulin, or whether this is only present in the cerebrospinal fluid.
The most characteristic histological feature of these cases is the inclusion bodies in nerve cells and oligodendroglia. These were first pointed out to me by Professor Dorothy Russell in a case which she examined at Oxford. Soon after that I examined another very typical case which, unfortunately, I did not see during life. Since The inclusions in this disease are both intranuclear and intracytoplasmic and, as I have said, the intranuclear inclusions occur both in nerve cells and oligodendroglia. The typical intranuclear inclusion almost fills the nucleus of the cell, and is surrounded by an unstained zone, outside which one can see rather coarse granules of chromatin lying against the nuclear membrane. The nucleolus is pushed to the periphery by the inclusion. The cytoplasm of these cells usually shows a greater or less amount of chromatolysis or it may itself contain acidophilic granular or floccular inclusions. Later the whole nucleus becomes filled by the inclusion, and only a fine line of chromatin granules outlines the nuclear membrane. At this stage the cytoplasm is usually shrunken, but sometimes forms a mass of hyaline acidophilic material which seems to lie beside rather than around the nucleus. These inclusions resemble those of herpes simplex and even more closely those of certain forms of canine distemper ( Fig. 9a and b) .
On examining the histology of one of these cases in which intranuclear inclusions are difficult to find, there may be little to distinguish it from other forms of encephalitis or from a mild case of general paralysis. But, when the histology is taken along with the clinical symptoms and signs and the electro-encephalogram, the disease becomes separable as an entity, and it appears remarkable that it was not described until 1933. The incidence of the cerebral lesions is also important. In my experience the main areas of incidence are the occipital cortex and white matter, the posterior parts of the thalamus, the nuclei pontis, and the inferior olives. In the two latter areas the only lesions may be clumps of microglial nuclei, socalled "glial stars," but these are rarely absent.
There During the last 15 years a number of cases of acute encephalitis due to herpes simplex virus have been studied. These have occurred both in children and young adults, and in both age groups the disease has run an acute course, fatal in seven to 11 days. The cerebrospinal fluid has shown a very high cell count in which lymphocytes pre-dominate or may be the only type of cell. In these cases there is widespread leptomeningitis, and inflammation and necrosis spreads from the cerebral cortex, where it is most severe, to the underlying white matter. It may extend as far down as the pons and medulla, but tends to spare the cerebellum and the spinal cord. Haymaker (1949) describes the areas of inflammatory necrosis as "mushy" to the touch in the fresh state, and microscopically he found many areas in which the necrosis was as complete as in ischaemic foci, but vascular thrombosis was not seen. Intranuclear inclusions were present in these cases both in the nerve cells and in oligodendroglia.
Here I should like to interpose a few remarks about the relation of viruses and intranuclear inclusions to the normal constituents of the nucleus. The nucleus of nerve cells, like all nuclei, plant or animal, contains chromatin or deoxyribonucleic acid and a nucleolus which consists partly of ribonucleic acid and partly of acidophilic protein and is therefore amphophilic. In the larger nerve cells there is a large rounded nucleolus, containing a relatively large amount of ribonucleic acid which, along with the ribonucleic acid in the Nissl granules, is considered by Hyden to be essential for the nutrition of the large cell body and still larger axon. But, as is well known, the nucleolus is still amphophilic, staining with eosin by Mann's eosinmethyl blue method (Levi, 1897). The amount of chromatin or deoxyribonucleic acid in the nucleus is relatively small; in fact in the larger nerve cells there are only very fine granules along the nuclear membrane and a small rounded paranucleolar mass, which Barr and Bertram (1949) Sourander (1953) found that the first effect of rabies virus on nerve cells in the spinal cord of the chick embryo was disappearance of Nissl granules, but later there was also shrinkage of the cytoplasm. He found relatively little change in the nucleus, but Hyden had found in Purkinje cells in rabies a progressive increase of deoxyribonucleic acid in the nucleus. On the other hand, poliomyelitis and louping-ill, which are small viruses, cause an increase of ribonucleic acid which may be shown in the early stages by a swelling of the nucleolus. This seems to apply also to many human cases of encephalitis in which swelling of the nucleolus may be an early change. Disappearance of ribonucleic acid from the cytoplasm also occurs in these forms of encephalitis, leading to the chromatolysis or eosinophilia which has already been described. The acidophilic intranuclear inclusions of herpes simplex and subacute inclusion encephalitis appear to arise independently of both chromatin and nucleolus. They push both of these structures to the side of the cell, where they may survive unaltered for some time (Fig. 10) . Francis and Kurtz (1950) by a differential centrifugalization method showed that nuclei containing intranuclear inclusions of herpes simplex might contain less virus than other constituents of the cell.
If, as Hyden has shown, viruses always contain nucleoprotein, it seems probable that these inclusion bodies do not contain virus, but rather consist of waste products formed during the growth of the virus.
It is tempting to correlate the degeneration of the white matter seen in these two diseases with the presence of inclusions in oligodendroglial nuclei, since it is probable that the oligodendroglia plays an important part in preserving the nutrition of myelin. But these are by no means the only forms of encephalitis in which the white matter is damaged. In fact it would appear that the more a virus becomes pantropic, that is, the more it tends to damage tissues other than nerve cells, the more tendency there is for involvement of the white matter. In Russian spring-summer or tickborne encephalitis and in equine encephalomyelitis a varying degree of inflammation and damage to the white matter is not uncommon, and in cases surviving western equine encephalomyelitis cystic areas have been seen in the cerebral hemispheres (Noran and Baker, 1943, 1945) . These softenings may of course be due to lesions in the vessel walls, since these are common both in western equine and in Russian tick-borne encephalitis. In milder forms they consist of oedema of the vessel walls and swelling of endothelial cells, sometimes associated with thrombosis. When more severe the vessel walls may be invaded by polymorphonuclear leucocytes and become necrotic. However, Weil and Breslich (1942) in western equine encephalomyelitis did not find vascular lesions in softened areas, which they considered were due to more direct effects of the virus.
Viruses also have special tastes in the nerve cells which they attack. This is well known in poliomyelitis, and is well shown in cases of bulbar poliomyelitis, in which the sensory nuclei of the cranial nerves may be surrounded by exudate but their nerve cells r.emain entirely intact. In fact even the motor nuclei of the cranial nerves usually recover almost completely in such cases, and one rarely sees facial paralysis or atrophy of the tongue as a result of poliomyelitis.
In the cases of encephalitis seen by us during the last war the cerebellum was never involved, but both in Russian spring-summer and the Japanese B. form the Purkinje cells may be selectively damaged, as shown by the glial shrub formations in the molecular layer to which I have already referred. In the literature of the early years of the century also a number of cases of encephalitis with transitory cerebellar symptoms were recorded in Britain, but these now seem to be rare.
Encephalomyelitis is not always fatal and may cause only a transient illness with headache, neck stiffness, and sometimes coma. In these cases increase of cells in the cerebrospinal fluid may be the only definite evidence that the nervous system is attacked. These cases are usually classified as benign lymphocytic meningitis, or during an epidemic of poliomyelitis as " non-paralytic polio." They may be due to a great variety of viruses, among which the Armstrong-Lillie virus of lymphocytic choriomeningitis is one of the rarer causes. Some appear to be due to psittacosis and some are associated with atypical pneumonia. Hammon (1949) in the U.S.A. found mumps to be the most common cause. Armstrong (1943) , Smadel and Warren (1947) in Washington, and Alm in Gothenburg (1951) have found evidence that the virus of herpes simplex may cause a mild transient form of meningo-encephalitis as well as acute fatal cases. This appears probable enough. Von Magnus (1949) has also brought forward evidence that viruses of the Coxsackie group may be responsible for some such cases and this has been confirmed by Rhodes in Toronto. Recovery from these forms of encephalitis is usually rapid and complete in older children and adults, and fatal cases are rare, but occasional cases in young children leave mental disability of varying severity as sequelae.
The most urgent problem that cases of benign lymphocytic meningitis present is their differentiation from tuberculous meningitis. For this the intravenous bromide test, recently elaborated by Hunter, Smith, and Taylor (1954) , has, in their hands, proved of considerable value.
A question which is exciting some interest on the continent of Europe and in the United States concerns the group of viruses to which the general name encephalomyocarditis or E.M.C. has been given. The distribution of these viruses appears to be almost world-wide. They were first isolated by Smadel and Warren in the Philippines (1947) and independently by Dick and others on the east coast of Africa (Dick, 1949) . They have also been found in captive monkeys in Florida. They appear to have been the cause of a mild three-day fever in troops in Manila, and they produced in laboratory workers in Uganda a high fever lasting for fouir days with complete recovery. Dick and others have shown that a large proportion of the natives on the east coast of Africa have antibodies to viruses of this kind. Saphir (1952) collected three fatal cases in which encephalitis was combined with acute myocarditis, but did not succeed in transmitting the disease to animals. On the continent of Europe also small epidemics in young children have been traced to viruses of the E.M.C. group. Some of these had the symptoms of virus meningitis. In one fatal case death was due to acute myocarditis (Koch, 1950 have been incriminated for the spread of the disease in Japan are found also in Australia. It is to be hoped that this disease, which has in the past produced severe epidemics in Japan with thousands of deaths, has not found a reservoir in the fauna of Australia.
To the morbid anatomist this form of encephalitis is specially interesting, as in some of the more chronic cases the deposition of calcium salts in the brain has been so heavy that it is impossible to cut the brains with a knife. This tendency to calcification of brain tissue in encephalitis, which is seen also in western equine encephalomyelitis and in cytomegalic inclusion encephalitis and toxoplasmosis in infants, provides a nice problem for the biochemist.
In South Africa also encephalitis seems to have been more common of recent years. Geerling (1950) has collected about 100 cases most of which occurred in early summer, that is, November and December, with a death rate of about 15%. They had a somewhat prolonged course with recovery, when it occurred, in one to three months. Parkinsonism was a rather frequent late manifestation and other cases were followed by epilepsy, sometimes combined with Parkinsonism. These cases give a further suggestion that the virus of encephalitis lethargica has not entirely disappeared.
In looking towards the future we may ask ourselves whether we are doing as much as we could or should to study the aetiology of virus infections of the nervous system. Virus laboratories are few and most are understaffed; virologists are not therefore likely to be interested in every case of three-or four-day fever in which the cerebrospinal fluid shows a high cell count. We may therefore reserve virus studies for fatal cases. On the other hand, the development of egg-culture and tissue-culture techniques and of complement deviation reactions with viral antigens has brought virology much nearer to the clinical pathologist. Virology is beginning to be considered as a necessary part of laboratory work, not only in public health laboratories but in some of the larger hospitals, especially large children's hospitals. To virologists working in such positions problems are presented in a more intimate, if not so urgent, fashion; they are able to study cases which recover and so to learn something of the commoner and less virulent viruses.
For the clinical pathologist who is not a virologist, it is also scientifically more satisfactory to work alongside a virologist learning his language and getting to understand his technique, than to have him immured in a separate institution. Close association of virologists with clinical pathologists will thus be of value to both, not least in the posing and solution of new problems.
